In Japan, the consumption of raw or undercooked chicken, raw bovine liver, and food cross-contaminated with raw chicken has resulted in acute bacterial gastroenteritis caused by Campylobacter jejuni and Campylobacter coli in humans [3] . Studies have shown the seasonality in the numbers of human cases with campylobacteriosis, the incidence of Campylobacter-positive broiler flocks, and the isolation rate of Campylobacter from retail chicken [5, 6] . In Japan, the number of notified patients with campylobacteriosis peaks in May or June [3] . However, the seasonal influence on food contamination with Campylobacter remains unknown.
The molecular characteristics of the Campylobacter isolates obtained from human patients were found to be similar to those of bovine isolates other than broiler isolates in Japan [4] . Retail chicken products and retail bovine livers were collected to isolate Campylobacter each month of the year to characterise the seasonal variations of Campylobacter contamination. Moreover, a molecular typing analysis based on the flaA gene and an antimicrobial susceptibility test were performed.
Between April 2009 and March 2010, 173 chicken meat samples, 32 chicken livers, 8 chicken skin samples, and 47 bovine livers were purchased at several retail stores (5-13 stores each month) in the Kanto Region (Tokyo or Tochigi Prefecture) and in the Hokkaido Prefecture. Generally, 20 samples were collected once a month except for September and January wherein 19 samples were collected. During April and June, 22 and 40 samples were collected twice a month, respectively. We chose different types of products (chicken or cattle), different brands, or different producing districts from the same store on the same day. Each sample was tested for Campylobacter spp. before its use by date.
Approximately 10 g of each sample was added to 40 ml of Preston enrichment broth (Oxoid Ltd., Hampshire, United Kingdom) supplemented with 5% lysed horse blood, and these were mixed using a stomacher for 2 min. These samples were then incubated at 42°C for 22-24 hr in a micro-aerobic atmosphere (5% O 2 , 10% CO 2 and 85% N 2 ). Enrichment cultures were streaked on mCCDA agar plates (Oxoid Ltd.) and incubated at 37°C for 45-48 hr in a microaerobic atmosphere. Two presumptive Campylobacter colonies were selected from each sample and identified by PCR [7] or PCR-restriction fragment length polymorphism (RFLP) [8] . The percentages of Campylobacter-contaminated samples were compared among different areas and different purchase time-points by using the Chi-square test. When at least one expected frequency was less than 5, Fisher's exact test was used for comparisons between 2 groups.
Campylobacter isolates were identified in 44.5% of the chicken meat samples (77/173), 34.4% of the chicken livers (11/ 32), 75% of the chicken skin samples (6/8), and 25.5% of the bovine liver samples (12/47). C. jejuni isolates were identified in 87 chicken products (40.8%) and 7 bovine liver samples (14.9%). C. coli isolates were identified in 9 chicken products (4.2%) and 5 bovine liver samples (10.6%). C. jejuni and C. coli isolates were each found in 2 chicken products and 1 bovine liver. Only 2 isolates from a bovine liver were identified as C. lari.
The percentage of Campylobacter-contaminated chicken products was different between samples bought in Hokkaido (38.8%) and those from the Kanto region (57.4%, P=0.01; Table 1 ). The isolation rates of Campylobacter species from bovine livers from different areas were not significantly different (P=0.47; Table 1 ). Most chicken samples collected in Hokkaido were produced in the Tohoku region and in Hokkaido (northern Japan), while chicken samples collected in the Kanto region were produced in various areas from Tohoku (north) to Kyushu (south). More Campylobacter species were isolated from chicken products produced in the Tohoku region (57.0%, 53/93) than from those produced in Hokkaido (11.1%, 2/18; P<0.001). The higher percentage of contamination of chicken products collected in the Kanto region than that of those in Hokkaido would depend on the production area.
The percentage of Campylobacter contamination of chicken products for each month is shown in Fig. 1 . The increase began in June (39.3%) after lower percentages were measured in April (17.6%) and May (7.1%). Higher percentages were significantly observed from July to November (range, 50-83.3%). The fluctuation in the percentage of chicken meat contamination in Hokkaido was comparable to that in the Kanto region (data not shown).
The percentages of contamination of the bovine products sampled in 2 successive months were not significantly different (data not shown, P=0.64).
The fluctuation in the percentage of contamination of retail chicken products was compared with that of the number of human campylobacteriosis cases reported in the Infectious Agents Surveillance Report (http://idsc.nih.go.jp/ iasr/index-j.html). The number of human campylobacteriosis patients increased suddenly from 84 in May to 179 in June. However, the percentage of Campylobacter-contaminated chicken products was the lowest in May followed by an increase in June (Fig. 1) . The percentage of contaminated chicken products between July and November was higher than that in April and May, whereas the number of reported human campylobacteriosis cases peaked in June and decreased in July (86 patients). Thus, the fluctuations in the percentage of chicken products contaminated with Campylobacter and the number of reported human campylobacteriosis cases were different. This might indicate that the peak in human campylobacteriosis cases could be caused not only by chicken products contaminated with Campylobacter but also by other contaminated foods and seasonal changes in human activity. Outdoor activities and consumption of raw vegetables have been suggested to be associated with human campylobacteriosis [9, 10] , and these activities would be expected to increase in summer. Although this study included chicken samples produced in various regions, 93 out of 213 chicken samples were produced in the Tohoku region. A further investigation of Campylobacter contamination of many foods produced throughout Japan will be needed to obtain a more precise characterisation of the seasonal variation of Campylobacter contamination. Campylobacter isolates were discriminated by RFLP of flaA digested by DdeI [1] . When the RFLP patterns of 2 isolates from a single sample were found to be identical to each other, one isolate was selected for an RFLP analysis using BioNumerics (Applied Maths BVBA, Belgium). The flaA gene of 199 chicken isolates and 47 bovine isolates was amplified. However, there was no amplification in 9 C. jejuni isolates obtained from chicken products, and in 3 C. jejuni, 3 C. coli, and 2 C. lari isolates obtained from bovine products. The RFLP patterns of 2 isolates from 7 chicken products and 1 bovine liver were different. Both isolates were analysed using the Dice coefficient followed by the unweighted pair group method with arithmetic mean (UPGMA). The analysis divided 112 isolates into 6 clusters. Cluster IV comprised 2 sub-clusters (Table 2) . Although 31 of 69 C. jejuni isolates obtained from chicken products between April and November belonged to cluster IVb, 8 out of 10 C. jejuni isolates from chicken products obtained between February and March 2010 belonged to cluster I (Table 2 ). The similarity of RFLP of the flaA gene in these 2 clusters was 10%. The predominant genotype was not correlated with the fluctuation in the number of human campylobacteriosis cases or the Campylobacter contamination of chicken products. We do not know whether the difference in the predominant fla type is caused by seasonal changes or whether it simply varies with time.
Minimal inhibitory concentrations (MICs) were determined by the broth microdilution method with an Eiken ® frozen plate (Eiken Chemistry Co., Ltd., Tokyo, Japan) [2] for 91 C. jejuni isolates, which were obtained from chicken products and clustered by fla-typing. The plates were incubated at 37°C for 48 hr in a micro-aerobic atmosphere. C. jejuni ATCC33560 was used for quality control.
For ampicillin/clavulanic acid, imipenem, gentamicin, erythromycin, clindamycin, and chloramphenicol, the MIC distributions of the isolates yield peaks at concentrations Table 3 . Antimicrobial resistance patterns, terms of isolation and genotypes of Campylobacter jejuni isolates from chicken products I  II  III  IVa IVb  V VI   ABPC, TC, DOXY, NA, CPFX  1  1  TC, DOXY, NA, CPFX  1  2  2  2  3  ABPC, NA, CPFX  3  1  3  1  ABPC, TC, DOXY  1  2  1  3  1  ABPC, SM  1  1  1  2  N A , C P F X  1  1  1  2  1  2  1  1  2  TC, DOXY  1  2  1  1  1  ABPC  1  1  1  1  2  Susceptible  6  13  15  15  6  8  21  2  2  10  20  3  4   Total  6  20  19  24  12  10  24  6  3  15  35  3  5 ABPC, ampicillin; SM, streptomycin; TC, tetracycline; DOXY, doxycycline; NA, nalidixic acid; CPFX, ciprofloxacin. that were determined as susceptible. Campylobacteriosis patients usually recover without any antimicrobial therapy, but treatment with erythromycin or fluoroquinolones is needed for more serious cases. All C. jejuni isolates in chicken products are susceptible to erythromycin, which is regarded as a first-line therapy. Moreover, 63 out of 91 C. jejuni isolates from chicken products were susceptible to all tested antimicrobials (Table 3) . C. jejuni isolates obtained from chicken products did not show seasonal variations with regard to antimicrobial resistance. Regarding the relationship of antimicrobial resistance with the predominant genotype based on the flaA gene, 21 out of 24 isolates in cluster I and 20 out of 35 isolates in cluster IVb were susceptible to all tested antimicrobials (Table 3) . Therefore, the characteristics of antimicrobial resistance did not influence the predominant genotypes and their seasonal changes.
In conclusion, our investigation reveals a seasonal variation in the Campylobacter contamination of retail chicken products in Japan. Further studies should be performed using a larger number of samples combined with an analysis of the seasonal differences in the risks for contracting campylobacteriosis to elucidate the reasons for the seasonal variations.
